The article provides insight into application of vibration systems in different industries. Disadvantages of conventional devices and advantages of resonance-free vibration systems are revealed. Issues of simulating resonance-free vibration systems, determination of main parameters and technical specifications of operating elements on the example of piling vibrators are discussed. The article dwells upon issues of computer-aided design of vibration systems, power, strength and kinematic calculations of main structure elements in NX, Euler, Ansys software systems. The provided algorithm enables reducing labor intensity of designing resonance-free vibration systems, reducing product cost and increasing the design engineer's performance. Prospects of further research on the subject matter are outlined.
At present vibration systems are used in different industries. They are used in devices, machines and aggregates: road construction machinery, mining industry, chemistry, construction, metallurgy, medicine, machine-building, etc [1] [2] [3] [4] [5] .
The vibration systems that are used in industry create, during the process of operation, a large vibration field, which exceeds the permissible rates by characteristics. In adjacent fields, as a rule, resonance phenomena arise that often negatively affects the operability and durability of objects and workers' health and in some cases cause emergency situations.
In works [6] [7] [8] [9] [10] the authors dwelt upon issues of describing and simulating processes that take place in vibration systems, selecting their feasible characteristics, developing optimal designs; however, researchers pay little attention to the resonance phenomenon and reduction of its negative impact on the adjacent objects located within the vibration impact area. Use of resonance-free vibration systems can help significantly reduce negative impact of processes on machinery, environment and people within the working area.
Designing machinery based on resonance-free vibration systems without using computer-aided design recommendations and methods is a rather tedious, labor-intensive and expensive process. This leads to rising costs of devices, mechanisms and aggregates, which, in its turn, influences competitive performance of products [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] .
Therefore, at present the relevant issues include not only simulation and automation of design, engineering and selection of feasible parameters of resonance-free vibration systems, but also creation of efficient methods of application of modern computing systems for implementation of these processes. Their use will prevent errors in design, reduce labor intensity, cost of works and time for taking design solutions and increase engineer's performance and accuracy of calculations [20] [21] [22] [23] .
Let's take simulation of a vibrator used in construction for foundation strengthening to drive pile elements into sandy or clayey soils as an example of implementation of a systematic and methodological approach in designing of resonance-free vibration systems.
One needs to know technical specifications of the device under design for structural modeling. The force of driving (removal) of the driven element, amplitude of vibrations and other technical specifications of similar systems were selected as such. In the following, such input parameters of the model as the shaft rotation frequency and eccentric weights are selected based on the initial data.
Creation and operation of a vibration system model is based on main dynamics laws and system vibration theory. First, when mechanism shaft loads are known, plain bearings that meet operation requirements and conditions are selected. Then a 3D device model is built using NX 11 CAD graphic editor (Fig. 1) .
Fig. 1. Vibrator prototype 3D model.
A 3D model is used to determine the vibrator prototype mass-center data. After that a dynamic model is developed in Euler 10.11 Pro software based on the available data (Fig.  2) .
Fig. 2. Vibrator prototype dynamic model.
When the required input parameters and mass-center characteristics have been introduced in the dynamic model, it is possible, by changing free parameters, to obtain set speeds, accelerations and other parameters of the device parts. An example in Fig. 3 shows the relationship between the driving shaft angular speed and operation time of different eccentric weights. After selection of optimal characteristics of the device under design, based on the results obtained from the dynamic model, for example, housing acceleration, spring force in Ansys R18 software system, we determine design peculiarities and operability of vibrator prototype parts. An example in Fig. 4 demonstrates results of strength calculations for different vibrator eccentric weight design solutions. Use of the suggested computer-aided design and simulation methods enables reducing labor intensity of designing resonance-free vibration systems with variation of input parameters and design solutions, reducing the design calculation error, optimizing engineer's work, significantly simplifying the process of designing new systems and modernizing existing structures with account for calculation results obtained during simulation.
